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Heat-soak and quick freezing could deteriorate the texture of vegetables. In this work, it was found that calcium chloride-sodium
alginate (SA) could improve the appearance, brittleness, and chewiness of processed Heracleum moellendorffii (HM), a kind of
popular nutritious wild vegetable in China. .e effect resulted from the increase of calcium content in the vegetable, which was
closely related to the ratio of calcium chloride to SA, the concentration of texture retaining agent, and soaking time significantly
(P< 0.01). .e best way to maintain the texture was to soak HM in 4 g/L of calcium chloride-SA (mass ratio 1 : 2) at 50°C for 30
minutes. .e calcium content was increased to 71.56mg/100g, and the brittleness and chewiness were 4630 gf and 2583.33 gf,
respectively. .e microstructure found that calcium could adhere to an inherent position on the cell membrane and protected the
sample from cell damage and chloroplast spilling from the cell during thawing and quick freezing..e results showed that calcium
chloride-SA treatment may be a promising method to improve the texture of vegetables during quick-frozen storage.
1. Introduction
Heracleum moellendorffii is a perennial herbaceous herb of
the Umbelliferae family. It is a particular hill potherb in
Northeast China [1] with high levels of dietary fiber, amino
acids, vitamins, and other nutrients [2]. Among them, the
content of vitamin C is the most abundant and is more than
ten times that of ordinary vegetables. Besides, some studies
have confirmed that the species has high edible and me-
dicinal value; for example, the blade can prevent high blood
pressure, and the stem can improve heart disease and other
diseases (rheumatism and headache) [3]. .us, in recent
years, HM has become more and more popular among the
Chinese people because of its fine quality (e.g., verdant
appearance, crispy taste, rich nutrition, and special aroma).
Compared with other vegetables, it is usually regarded as a
healthier foodstuff. HM is a wild vegetable that grows in
forest districts, on river, lake shorelines, or hills [4]. It ripens
in April and May and has a short period for the harvest, so it
is necessary to take some strategies to preserve HM for the
goal of year-round edible. Currently, the preservation
techniques for seasonal vegetables are mainly based on
quick-freezing preservation. However, there is a common
problem with quick-freezing vegetables, which is the de-
creasing of brittleness and chewiness after thawing [5, 6].
.erefore, with the increase of people’s enthusiasm for
nutrition and taste properties [7], keeping the freshness of
HM in the frozen environment and keeping its texture after
thawing are crucial to extending its market.
Some authors have reported that freezing changed the
microstructure of plant tissues such as cell turgor, cells lost
water, and shrinkage [8, 9], which may lead to the soft
texture and the declined brittleness and chewiness thawing.
.e large ice crystals formed by traditional freezing will
cause mechanical damage to the cell membrane, thereby
causing the water loss of cells [10]. Compared to traditional
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freezing, quick freezing can form tiny ice crystals which
shorten the time of maximum ice crystal generation, thereby
reducing cell damage and water migration [11]. Moreover,
the exogenous addition of a texture retaining agent can
significantly relieve the cell damage caused by traditional
freezing. .e reason may be that the treatment of vegetables
with a texture retaining agent before freezing can retain the
inherent permeability of the vegetable cells to reduce cell
damage. In the food industry, the exogenous calcium salt
and exogenous pectin methylesterase (PME) were used as
texture retaining agents together to catalyze the decompo-
sition of pectin to form pectic acid [12]. Furthermore, pectic
acid can react with Ca2+ to form calcium pectate, a molecular
gel that can exist in the intercellular space, which retains the
cell membrane in an inherent position after thawing, thereby
enhancing the antiwrinkle behavior and antidestructive
effect of cells [13]. Some studies also proved that calcium
pectate has a great adhesion effect among the plant cell wall
and cell membrane, which can prevent cell shrinkage and
provide standby for tissues [14]. At present, apart from the
addition of exogenous texture retaining agent, endogenous
PME and Ca2+ have the same effect. .e endogenously
produced calcium pectate was safer and lower in cost than
the exogenous PME, and the exogenous Ca2+ can activate
endogenous PME more efficiently and produce calcium
pectate more efficiently under heating conditions (Nipaporn
et al., 2009). .erefore, the gel can retain the texture of the
thawed vegetables to the maximum extent.
Nowadays, the commercially available frozen HM is
processed by the traditional freezing method without texture
protection [15], and the texture of HM is greatly reduced after
thawing, which is greatly different from the sensory quality of
fresh HM. On the contrary, the sensory quality of HM treated
with texture retaining agents can retain to a large extent [9]
(Chitra et al., 2010). However, little information is available
about the influence of quick freezing and the protection effect
of texture retaining agent on the texture of HM.
.erefore, the objective of this study was to evaluate the
quality using microscopic (the increase of calcium and laser
scanning confocal microscopy (LSCM)) and apparent
measurements (crispiness and chewiness) to obtain the key
pretreatment technology before the quick freezing of HM.
.is study can provide a theoretical basis for the texture
protection of HM during quick freezing, and it has a
practical guiding significance for the industrial production
of the frozen storage of HM.
2. Materials and Methods
2.1. Materials and Chemicals. Fresh HM was provided by
Dong-sheng Food Co., Ltd. (Beian, China), and selected
according to the similar size for this study. Calcium lactate,
calcium chloride, and sodium alginate (SA) were purchased
from Yimeng Biotechnology Co., Ltd. (Zhejiang, China).
2.2. Screening of the Texture Retaining Agent. Calcium
chloride, calcium lactate, and SA were chosen and com-
pounded (the compound type texture retaining agent of
calcium chloride-SA, calcium lactate-SA, and calcium
chloride-calcium lactate) as texture retaining agents with 1 :
1 (g : g). .e calcium content increase of HM was used as an
indicator to estimate the texture retaining agent to confirm
the optimum texture retaining agents for the following
experiments. .e HM soaked in water without texture
retaining agents at 50°C (n� 3) was used as a negative
control test. .e HM was treated with the selected texture
retaining agent. .en, the effects of compounding ratios of
calcium chloride to SA, texture retaining agent concentra-
tions, and soaking times on the calcium content increase,
and the brittleness and chewiness of HM were investigated.
2.3. Determination of Calcium Components in HM. HM was
soaked in the texture retaining agent (calcium chloride-SA)
at 50°C for 30min. Next, Ca2+ was applied to stimulate the
activity of PME [16] and further catalyze the formation of
calcium pectate gel polymer that can be dissolved by NaCl
solution. .e unsoaked samples were used as a control
group. Finally, the calcium content increase was conducted
according to the atomic absorption spectrophotometry
described by [17], with some modifications. .e samples of
the control group and the test group were homogenized, and
a certain amount (±0.01 g) of homogenate was weighed.
.en, the dissolved calcium was extracted by 1mol/L NaCl
solution, volumed to a constant and filtered. .e detailed
parameters of the instrument were set as follows: slit: 0.5 nm,
gas flow: 1.8 L/min, flame type: air-C2H2, and wavelength:
422.7 nm.
2.4. Determination of Brittleness and Chewiness. Texture
properties of the HM stems soaked in calcium chloride-SA
were assessed using a texture analyzer (New Plus Texture
Analyzer, Isenso Intelligent Technology Co., Ltd., New York,
USA), according to the method described by [18] with some
modifications. .e stems of the sample were processed into
small cubic sections (1.5×1.5×1.5 cm3) and then penetrated
using a Volodkevich-bite probe to represent brittleness. For
chewiness analysis, a P/0.5 probe was used with 50% de-
formation and the parameters were set as follows: the pretest
speed of 2.0mm/s, test speed of 1.0mm/s, the trigger force of
5.0 g, and the time interval of 5 s.
2.5.Observation ofHMCells. .e stem and leaves of the HM
were cut into small segments of 4–5 cm and cooled to room
temperature (25°C). .en, HM was soaked in the selected
texture retaining solution (compound type compound mass
ratio of 1 :1) at 50°C for 10–15min. .en, the peroxidase of
HM was inactivated at 90°C high-temperature bleaching for
color retention and then cooled to room temperature (25°C)
with cold water. Finally, they were preserved at −24°C for
further experiments.
.e samples were divided into 2 groups for the next step.
.e details were as follows: unfrozen group (fresh samples,
samples soaked in water at 50°C, and samples soaked in
texture retaining agent at 50°C) and frozen group (fresh
samples + frozen, samples soaked in water at 50°C + frozen,
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and samples soaked in texture retaining agent at
50°C + frozen). A blade was used to cut a square with a side
length of 1 cm on the stem and leaves of the HM and a pair of
tweezers were used to remove the square skin. After that, the
unfrozen samples and their thawed samples were subjected
to the morphological observation of organelle chloroplast,
separately. .e fresh HMwas used as a control. Chloroplasts
were observed according to the method described by [19]
with some modifications with the helium laser launcher of
LSCM at 663 nm (TCS SP5, Leica Microsystems Co., Ltd.,
Frankfurt, Germany). .e stems and leaves were examined
at 75 μm and 50 μm magnification under incident light,
respectively. Moreover, the temperature was set to −24°C
during the measurement.
2.6. Statistical Analysis. .e correlation analysis of calcium
content increase, brittleness, and chewiness in the experi-
ment was assessed by SPSS 13.0 (SPSS Inc., Chicago, IL,
USA) and then got the correlation coefficient..e data in the
paper were expressed as means± standard deviation (SD)
from at least three independent trials. Statistical significance
of data was assessed by one-way ANOVA using SPSS 13.0.
Significant differences (P< 0.05) between the average values
were identified with the least significant difference
procedure.
3. Results and Discussion
3.1. 9e Selection of Texture Retaining Agent. Texture
properties are important in the assessment of consumer
acceptability. .e texture of HM refers to its sensory quality
that includes brittleness and chewiness. Freezing is a major
reason that causes texture change [20], such as softening
phenomenon. Additionally, Agcam et al. reported that
calcium salts can increase the PME activity of the samples,
thus promoting the decomposition of pectin to react with
Ca2 + to form calcium pectate gel, which can be enriched in
the intercellular space [16], thereby reducing the deterio-
ration of the sample texture. .erefore, in this paper, the
level of the increase of calcium content was used as an
indicator to explore the influence of texture retaining agents
on the crispiness of HM. .e results were shown in Table 1,
the fresh sample did not detect the dissolved calcium, and
the calcium content increase was regarded as zero.
Compared with No. 1, No. 2 and No. 3 had an increased
content of calcium, but no significant difference was ob-
served between the two groups (P> 0.05). In the experi-
mental group, there is a significant difference in the calcium
content increase of HM with different texture retaining
agents (P< 0.05). No. 3 showed the most significant dif-
ferences compared to the other groups (P< 0.01) and SA
soaking had no impact on the calcium content increase. .e
calcium content increase in No. 4 was also lower. On the
contrary, the calcium content increases significantly
(P< 0.05) in No. 5, No. 6, and No. 7; however, there were no
significant differences among the three groups (P< 0.05).
.e differences obtained among samples soaked in solutions
with and without Ca2+ reflected the enhancing effect of Ca2+
on tissue structure. Moreover, the calcium content increase
(P< 0.05) reached a maximum when the sample was soaked
in calcium chloride-SA. .is may be due to the synergistic
effects of reagents [21]..erefore, the texture retaining agent
of calcium chloride-SA had the best effect on the texture of
HM and was selected for further experiments.
3.2. Effect of Texture Retaining Agent on the Calcium Content
Increase of HM. It can be seen from Figures 1(a)∼1(c) that
the increase of calcium content in the HM depended on the
change of the condition of the texture retaining agent. In the
case of a fixed amount of calcium chloride, when the pro-
portion of SA increased, the calcium content increase was
significantly improved (P< 0.05) (Figure 1(a)). And the
highest calcium content increase was observed when the
ratio of calcium chloride to SA was 1 : 2. Furthermore, as
shown in Figure 1(b), when the texture retaining agent
concentration was 4 g/L, the calcium content increase of HM
was significantly higher than other concentrations
(P< 0.01). Moreover, the influence of soaking time on the
calcium content increase of HM was firstly increased and
then decreased (Figure 1(c)) and the calcium content in-
crease was the highest with the soaking time of 30min.
.ese phenomena may be related to the following fac-
tors: firstly, SA has good gelation and viscosity property, and
viscosity increases with the concentration of SA [22]. SA has
a cross-linking effect with Ca2+, and then SA can cooperate
with Ca2+ to enter the tissue of samples or adhere to the
intercellular space, which had a synergistic effect on the
texture. Secondly, the appropriate concentration of SA was
beneficial for Ca2+ to contact with PME and activate the
PME to form calcium pectate, which could attach to the
intercellular space [23]. Calcium pectate had enhanced
gelation [20], thereby supporting the cell wall and retaining
the brittleness of the HM. Because of these factors, higher
levels of calcium gains were achieved in this work as
compared with previous literature results. Another research
[24] showed that when blueberries were treated with calcium
sulfate, the calcium content was less than it in this
experiment.
Simultaneously, as shown in Figure 1(c), the calcium
content increase of HM increased gradually with the in-
crease of soaking time, until the calcium content decreased
after soaking for 30min. .e reason was that the stable
temperature of PME is 35–50°C, and the tolerance time is
40min. Soaking at 50°C for 30min, PME can achieve the
proper activity, which is beneficial to exert the best catalytic
effect [25]. However, prolonging soaking time at 50°C will
result in a significant loss of active site due to changes in the
structure of the enzyme protein, leading to a significant
decrease in the activity of PME, which will lead to a sig-
nificant decline in the amount of calcium pectate and a
significant decrease in calcium content increase (P< 0.05).
3.3. Effect of Texture Retaining Agent on the Texture of HM.
.e calcium pectinate in the cells can reflect the effect of the
texture retaining agent and brittleness and chewiness can
indicate changes in texture. In the previous studies,
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brittleness and chewiness were usually used as the main
indicators to evaluate the texture of HM (Prabhakaran et al.,
2006). Brittleness is the force required tomake HM cut off by
incisors and chewiness is used to describe the force required
when HM was chewed until swallowed.
.e results of the effect of calcium chloride-SA com-
pounding ratio on the texture of HMwere listed in Table 2A.
.e results suggested the appropriate compound ratio was 1 :
2; at this time, the brittleness and chewiness of HM were the
closest to the parameters of the fresh sample. .is result
corroborates the results of Figure 1. .us, a suitable com-
pound ratio of texture retaining agents can effectively keep
the brittleness and chewiness which can be very close to fresh
samples.
Also, it can be found that the changes in brittleness and
chewiness were closely correlated with the changes in the
concentration of texture retaining agents (Table 2B). As the
concentration increased, the brittleness and chewiness of
HM significantly increased (P< 0.05). When the concen-
tration was 4 g/L, the calcium content increase was maxi-
mized. In contrast with the present study, Rico et al. noticed
that appropriate calcium ion concentration can improve the
shelf life of carrot by improving the texture quality of the
sample [12]. Similarly, Gonzalez found that, after calcium
ion treatment, there was a reduced disassembly of the
structure (molecular network structure formed by calcium
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Figure 1: Effect of texture retaining agent (calcium chloride-sodium alginate (SA)) on calcium content increase of the Heracleum
moellendorffii under different factors. (a).e effect of the ratio of calcium chloride to SA on the calcium content increase; (b) the effect of the
concentration of the texture retaining agent on the calcium content increase; (c) the effect of the soaking time on the calcium content
increase. Different letters within a line chart indicate significant differences (P< 0.05). Error bars indicate SD (n� 3).
Table 1: .e effect of texture retaining agents on the calcium content increase.
Group no. Group Dissolved content (mg/100g) Calcium content increase (mg/100g)
1 Fresh samples Not detected 0
2 Sample soaked in water 23.71± 3.40a 2.01± 0.62a
3 SA 26.09± 4.12a 2.38± 0.49a
4 Calcium lactate 55.97± 5.48b 32.26± 6.32b
5 Calcium chloride 71.69± 7.86c 47.98± 8.17c
6 Calcium lactate-SA 74.91± 6.65c 51.20± 5.94c
7 Calcium lactate-calcium chloride 75.10± 10.13c 51.39± 6.82c
8 Calcium chloride-SA 92.98± 12.34d 69.27± 10.03d
Error bars indicate SD (n� 3). Different letters indicate significant differences (P< 0.05).
4 Journal of Food Quality
An increase in soaking time improved the brittleness and
chewiness of HM gradually until it reached 30min. Sensory
quality results after thawing were effective (P< 0.01). .ere
was a positive correlation between soaking time and the
activity of pectin methylesterase (PME). .e higher the
activity of PME, the more the calcium pectate gel formed in
cells [27]. .e presence of calcium pectate gel increased
mechanical properties such as brittleness and chewiness due
to the close connection between cells [28].
3.4. Analysis of the Correlation between Calcium Content,
Brittleness, andChewiness. .e increase of calcium was used
to express the chemical changes of HM and the texture of
HM was represented by brittleness and chewiness, which
together reflect the effect of texture retaining agent on HM.
.us, in this report, the correlation of calcium content,
brittleness, and chewiness in the process of texture retaining
of HMwas investigated. As shown in Table 3, the correlation
coefficient between calcium content, brittleness, and
chewiness was 0.792, which was a significantly positive
correlation (P< 0.01). .e correlation coefficient between
brittleness and chewiness was 0.930, which was a signifi-
cantly positive correlation (P< 0.05). It can be explained
that, in the process of texture retaining of HM, the change of
calcium content was directly related to the brittleness and
chewiness, and it also proved that the calcium content in-
crease can enhance the brittleness and chewiness of HM.
.ese effects showed that it is reasonable and feasible to
select the change of calcium content, the crispness, and the
chewiness index to evaluate the effect of the soaking of the
HM before quick freezing on the crispness and chewiness
after thawing. Further from both microscopic and apparent
aspects, it reveals themechanism and chemical essence of the
texture retaining agent.
3.5. Microstructural Changes of HM under the Action of
Texture Retaining Agent. Freezing can damage the or-
ganelles of stems and leaves of green plants, among which,
chloroplast is a kind of organelle that is extremely sen-
sitive to low temperature. In a low-temperature envi-
ronment, the chloroplasts swell, causing disordered
chloroplasts sorting and adhesion [29]. At the same time,
the water in the cells forms ice crystals, which has a
destructive effect on the cell membrane wall. After
thawing, the cells lose water and shrink, which magnifies
the problem of chloroplast sorting disorder and adhesion.
.e calcium pectate molecular gel adheres to the cell gap
and supports the cell membrane wall, which can resist the
mechanical damage of cells. .erefore, the microscopic
observation method was used to observe and evaluate the
changes in cell morphology before and after freezing
treatment in Figures 2–5.
.e changes in the position and state of chloroplasts in
the cell walls and cell membrane of leaves epidermal cells
[29] of HM were observed. Figures 2(a), 2(c), and 3(b) were
not frozen and the untreated sample (Figure 2(a)) was a
control group. .e chloroplasts of each group were dis-
persed to the inner wall of the cells to varying degrees and
were regularly granular. In contrast, the chloroplast mor-
phology of frozen groups (Figures 2(b), 3(a), and 3(c))
changed to varying degrees, indicating that the freezing
caused damage against the cells. Among them, Figure 3(a)
only changed the chloroplasts of the cells with water soaking
at 50°C, and the chloroplasts overflowed from the cells and
adhered to the chloroplasts of other cells to form a network
structure [30]. It indicated that the cell membrane and
organelles were damaged by freezing after soaking in the
water at 50°C [31]. Secondly, the chloroplasts of the cells
aggregated in the fresh sample after freezing (Figure 2(b))
but no overflow occurred. In Figure 3(c), after 30 minutes of
treatment by a 50°C texture retaining agent, the chloroplasts
of cells were the smallest. Although there was some ag-
gregation, the cell membrane structure was not destroyed
and still observed to be granular. .is result indicated that
the addition of the texture retaining agent under the same
condition can prevent the damage of the cell membrane and
organelle caused by freezing, thereby affecting the texture of
HM in nature.
In Figures 4 and 5, the changes in the position and
state of chloroplasts in the cell walls and cell membrane of
stems epidermal cells of HM could be observed by LSCM.
Figures 4(b), 5(a), and 5(c) were frozen groups, and their
chloroplasts had significantly more changes in the ad-
hesion than the unfrozen group. In Figure 4(a), the
chloroplasts were evenly dispersed in the inner wall of the
cells and were regular particles. In contrast, although the
chloroplasts in Figures 4(c) and 5(b) were dispersed in the
inner wall in the form of particles, the degree of dispersion
was not uniform. .is was due to the strong peroxidase
activity at 50°C, which caused an enzymatic reaction of
chlorophyll in the cell [9, 32], resulting in a change in the
degree of chloroplast dispersion. Among them,
Figures 4(a), 4(c), and 5(b) were unfrozen groups, and the
chloroplasts of the cells were dispersed in the cells with a
Table 2: Effect of texture retaining agent on the texture of the
Heracleum moellendorffii under different factors.
Factor Experimental group Brittleness (gf) Chewiness (gf)
A
1 : 025 2038± 84.31a 1418.31± 50.89a
1 : 0.5 2521± 79.25b 1670.28± 57.65a,b
1 :1 3044± 91.26c 1902.31± 55.21b,d
1 : 2 3810± 92.35d 2064.33± 67.19c,d
1 : 4 1077± 53.57e 672.18± 34.11e
B
1 g/L 1908± 67.32a 927.61± 52.33a
2 g/L 2612± 73.89b 1920.55± 70.13b
3 g/L 3726± 88.13c 2187.92± 75.24c
4 g/L 4630± 87.26d 2538.33± 81.60d
5 g/L 1911± 70.12a 1101.65± 57.12e
C
10min 3067± 40.56a 1556.36± 40.56a
20min 3289± 58.22b 1990.22± 52.24b
30min 3890± 61.28c 2278.15± 49.13c
40min 3301± 52.36d,b 1817.64± 42.32b
50min 2917± 48.27a 1393.56± 48.69a
a.e texture retaining agent concentration factor experiment; bthe pro-
portional factor experiment of the texture retaining agent calcium chloride-
sodium alginate; cthe soaking time factor experiment. Error bars indicate
SD (n� 3). Different letters indicate significant differences (P< 0.05).




Figure 2: Microscopic observation of leaves epidermal cells ofHeracleummoellendorffii. (a) A fresh sample; (b) a fresh sample after thawed;
(c) a sample soaked in water at 50°C. .e “index 1” represents the fluorescence and bright field superposition; the “index 2” represents the
fluorescence; the “index 3” represents the bright field.
Table 3: Correlation analysis between calcium content increase, brittleness, and chewiness.
Index Calcium content increase (mg/100g) Brittleness (gf) Chewiness (gf)
Calcium content increase (mg/100g) 1 0.792∗∗ 0.792∗∗
Brittleness (gf) 0.792∗∗ 1 0.930∗∗
Chewiness (gf) 0.792∗∗ 0.930∗∗ 1
∗∗0.01 level (two-tailed), significant correlation.
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granular shape. Among them, chloroplasts gathered but
did not overflow, chloroplasts in Figure 5(a) overflowed
from the cells and adhered to the chloroplasts of other
cells to form a network structure, it showed that the cell
membrane and cell wall were broken, the chloroplast in
Figure 5(c) was the smallest, although there was a certain
gather, the cell membrane structure was not destroyed,
and the granular of chloroplasts could be observed. It
meant that samples soaked by texture retaining agent
before quick freezing could make the ice crystals in the cell
fluid form quickly and small, which could prevent the cell
membrane from damage. As can be seen from Figure 5(a),
soaking in 50°C water caused the cell wall to rupture,
which was more serious. .is may be caused by a part of
the chloroplasts overflowing into the water during the
warm water treatment, and the texture retaining agent
formed a gel network structure inside the texture to
protect the chloroplast from overflowing [32]. Adding the
texture retaining agent during soaking under the same




Figure 3: Microscopic observation of leaves epidermal cells of Heracleum moellendorffii. (a) A soaked sample in water after thawed; (b) a
sample soaked with a texture retaining agent at 50°C; (c) a sample soaked with a texture retaining agent at 50°C after thawed. .e “index 1”
represents the fluorescence and bright field superposition; the “index 2” represents the fluorescence; the “index 3” represents the bright field.
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membrane and cell wall caused by freezing. It showed that
the compound SA-calcium chloride that formed calcium
pectinate in the cells could enhance the support function
of the cell wall and the ability to resist mechanical damage,
thereby maintaining the brittleness and chewiness of HM
to a certain extent in essence, and then had a significant
positive effect on the texture of hill potherbs and the
appearance of commodities.
In summary, changes in the position and adhesion be-
tween chloroplasts weremicroscopically observed in Figures 2
to 5. .ese results suggested the texture retaining agent had a
synergistic effect on enhancing the brittleness and chewiness
of HM. .e microscopic gel material in the texture retaining
agent was the key to enhancing the sensory quality. According
to the experiments, it is the main reason to enhance sensory




Figure 4: Microscopic observation of stems epidermal cells ofHeracleummoellendorffii. (a) A fresh sample; (b) a fresh sample after thawed;
(c) a sample soaked in water at 50°C; (d) a soaked sample in water after thawed; (e) a sample soaked with a texture retaining agent at 50°C; (f )
a sample soaked with a texture retaining agent at 50°C..e “index 1” represents the fluorescence and bright field superposition; the “index 2”
represents the fluorescence; the “index 3” represents the bright field.
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4. Conclusions
In this work, we selected a texture retaining agent and then
determined its optimum treatment for HM, and the change
of microstructure and sensory quality was analyzed. .e
calcium content increase was 71.56mg in the 100g sample
when the vegetable was soaking at 50°C for 30 minutes with a
ratio of calcium chloride to SA (1 : 2). Correlation analysis
showed that the microscopic calcium content increase was
positively correlated with the brittleness and chewiness
(correlation coefficient 0.792). Furthermore, the chloroplast
morphology of the frozen group treated with texture
retaining agent was well maintained. Most of the chloro-
plasts were in granular dispersion state, without overflow,
with relatively small cell damage, suggesting that the texture
(brittleness and mastication) was the closest to the fresh
sample. .e results confirmed that calcium chloride-SA can




Figure 5: Microscopic observation of stems epidermal cells of Heracleum moellendorffii. (a) A soaked sample in water after thawed; (b) a
sample soaked with a texture retaining agent at 50°C; (c) a sample soaked with a texture retaining agent at 50°C after thawed. .e “index 1”
represents the fluorescence and bright field superposition; the “index 2” represents the fluorescence; the “index 3” represents the bright field.
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freezing storage of HM, thereby providing an effective way to
inhibit the texture change caused by frozen storage.
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